Introduction
• The goal of our research is to understand the functional organization of Auditory Cortex by studying the cortical encoding of complex and natural sounds in the awake, behaving, ferret.
• In previous studies, we characterized the response of cells in the Ketamine-anesthetized ferret Primary Auditory Cortex (AI), using dynamic, broadband sounds.
• We have developed techniques for neurophysiological recordings from the awake restrained ferret to enable a comparison of cortical responses in awake and anesthetized conditions.
• Pure tone and moving ripple stimuli were used to measure the frequency tuning and rate level functions of the cells in AI and to derive their Spectro-Temporal Response Fields (STRFs).
• We also compared the pure tone responses and STRFs from units recorded simultaneously with a single electrode at the same cortical location.
• In order to restrain the ferret's head movements in the awake preparation, a metal post was surgically implanted on the skull so that the head could be held in a stable position.
• Neurophysiological recording sessions in the awake animal lasted 3-6 hours per day. Acute experiments on the anesthetized preparation lasted 3-4 days. In each electrode penetration, recordings were made at several cortical depths, and raw or filtered responses waveforms were sampled and stored for off-line sorting and data analysis.
• Sound stimuli were delivered through small microphones (Etymotic Research) inserted in the ear canal and calibrated in situ at the beginning of each recording session. Each stimulus set was presented at least ten times in a randomized order. 
Moving Ripples

Temporally Orthogonal Ripple Combinations (TORCs)
TORCs are made up of ripples with different modulation rates. The stimuli shown here contain ripples which cover the same range of ripple velocities, but at different ripple frequencies. The periodic nature of the stimuli allows easy evaluation of the response variability.
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The mean response is an estimate of the spike rate, which has some variance.
The variance is proportional to the mean, inversely proportional to the number of stimulus presentations, and is well described by Poisson statistics.
The variance can be evaluated in the time domain, or the frequency domain. The total amount of variance is equal across both domains. The response variability contributes a random, unstructured component to the measured STRF. The strength of this component, relative to the strength of the STRF, is quantified by the signal-tonoise ratio (SNR).
With TORC stimulation, the strength of the random component is trivially obtained from the response variability, since the response frequencies have a one-to-one correspondence with the STRF components.
Variability: Awake vs. Anesthetized
The most obvious difference between the awake and the anesthetized responses is that under the awake condition, neurons fire more spikes on average. However, taking this difference into account, it seems that the same set of laws are governing the relations between the STRF strength, the spike rate, and the response variability. The relations are well described by a Poisson process, plus an independent source of variability which is the same under both conditions, on average.
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The complexity of the STRF is evaluated using the singular value decomposition (SVD), which describes the STRF as a sum of separable functions, arranged in order of overall size. The more complex the STRF structure, the less the STRF will be able to be described by a single separable function. In the same way, the complexity of the quadrants of the ripple transfer function can be assessed. The random, noisy component of the STRF increases the overall complexity. Thus, STRFs with a low SNR tend to have a high degree of complexity. The complexity is quantified by α svd , which is the fraction of STRF power which cannot be described by a single separable function.
Fortunately, this noise is manifested primarily in a the lower-power SVD components. Since we know the total amount of noise to expect, we can discard those low-power components that lie below the noise threshold, effectively removing a large amount of the noise. The complexity of the noise-cleaned STRF is then assessed. The complexity of the STRFs measured in the awake ferret is higher than in the anesthetized ferret, on average. However, the transfer-function quadrants have a similar degree of complexity in the two conditions; most STRFs are still well described by quadrant-separable transfer functions.
Therefore, the increased STRF complexity in the awake condition must be due to different relationships between the quadrants of the transfer function.
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Transfer Function Structure If a ripple transfer function is quadrant separable, then an increase in STRF complexity corresponds to increased differences between the quadrants. Each quadrant is described by a single spectral transfer function, temporal transfer function, and overall power.
Therefore, these differences are fully described by the spectral asymmetry α s , the temporal asymmetry α t , and the directionality (overall power asymmetry) α d . 
